The Naval Air Developm ent C en ter has sur veyed the number of lightning strikes and dam age to Naval aircraft, covering a period from 1 January 1961 to 31 D ecem ber I980. This survey provides information on lightning strike rate per 1 0 ,0 0 0 flight hours, number of lightning strikes occurring annually, num ber of lightning strikes per month, number of lightning strikes at various altitudes, and lightning dam age and/or strike location for various aircraft types. Additional efforts underway at the Naval Air Developm ent C enter include the investi gation to determ ine feasibility of utilizing Boeing's lightning data logger to gather phenomonological information, the evaluation of a storm warning/ avoidance system, and conducting a lightning and P-static transient protection devices survey. Con tinuous monitoring of lightning strike and dam age data will enhance the understanding of the light ning threat to Naval aircraft and will benefit the eventual solutions toward preventing damage effects to structure and avionics.
IN TR O D U C TIO N
The susceptibility of complex electronics equip ments to degradation due to self-interference and/or interference from a non-hostile source is docum ented by a rising volume of data.The Navy has launched a multi-pronged effort to deal with this problem in its many aspects. There are a number of arenas in which the effort will take place: (a) out in the field where deployed equipments are exposed to the real world electrom agnetic environ ment; (b) the testing lab where this environment is partially simulated to provide more specific data on a particular aspect of the problem; (c) on the drawing board where new designs are conceived in an attem pt to obviate some portion of the total problem.
Lightning strikes comprise one aspect of the Electrom agnetic Interference (EMI) problem that has serious implications. The present survey of lightning strike data represents a first attem pt to gather both physical and statistical evidence in order to quantify and better define the character istics of lightning.
The data presented herein are a first step in that they derive from a general incident reporting sys tem used for reporting on an extrem ely broad range of incidents affecting a large num ber of Naval U.S. Government work not protected by U.S. copyright 570 platform types, i.e., ships, missiles, aircraft, etc. This has led to a certain non-uniformity in the quality and com pleteness in the reporting of individual inci dents. In particular, not every report will indicate each important aspect of the lightning strike such as altitude, w eather conditions, exact locations, etc., and therefore, though we have reports of some 6 0 6 total incidents as indicated in Figure 1 , subse quent figures may have few er entries, indicating that some individual reports failed to include the particular param eter under consideration.
Lightning discharges in the vicinity of, and di rectly striking, aircraft pose a serious safety and operational problem. The type of aircraft appears to make little difference; almost every airplane in the Navy inventory will be struck by lightning at least once in its lifetime. The data indicates that certain aircraft, because of their mission profiles, are more likely to encounter lightning strikes with some regularity. The degree of vulnerability to mission disruption occasioned by lightning strikes is sub stantial and will surely escalate unless methods are developed to obviate this hazard.
DATA S U M M A R Y
The lightning data presented summarizes the Navy experience in the period January 1961 through D ecem ber 1980. During this period there have been a total of 6 0 6 incidents. They have taken place in all conceivable combinations of season, altitude and geography. The great majority of strikes, 98%, resulted in "limited" or no physical dam age to the aircraft; however, in numerous cases electronic equipments w ere adversely affected, and in three cases aircraft were lost. The following can be inferred from the data:
1 .8 8 % of strikes occurred at less than 2 5 ,0 0 0 ft. altitude.
2 .6 0 % of all strikes were on patrol type aircraft.
3. 34% of all strikes w ere in the southeastern United States, 15% in the southwestern United States, and 10% in the South China Sea. 4 .9 8 .2 % of all strikes result in no or only minimal dam age to aircraft.
5. There is no month in which strikes are extraordinarily prevalent, though the incidence in August, the highest month, is 11% and in the lowest month, Decem ber, it is 6%. 6. The cost of a lightning strike per incident is $ 1 8 ,2 0 0 (this includes the loss of a major air craft; W ithout that the average cost is $11,000). This cost has not been adjusted for inflation. Further data refinements need to be pursued. The existing data can support additional conclu sions if it is properly reduced. Additional data gathering is required inasmuch as it is evident that not all strikes are being reported. 3. These data expose only the tip of the iceberg in that they explore only the tangible dam age to aircraft. The extent to which lightning strikes dam age electronic equipments and/or disrupt their proper operation either permanently or just tem po rarily represents an area of increasing concern as missions becom e reliant, to a very large and in creasing extent, on the proper operation of those equipments.
Lightning strike data needs to be gathered on

FUTURE W O R K
The present effort has been directed towards identifying the boundaries in which this problem exists. With that established, several follow-on and/or com plem entary efforts have been initiated: (1) a uniform reporting format is being developed to insure that all important aspects of the strike are described by the respondent; (2) the Boeing "Data L o g g e f'is being evaluated for feasibility for instal lation into selected aircraft. This will provide de tailed information about lightning waveforms, cur rent and voltage amplitudes, frequency spectrum, etc.; (3) A joint Air Force/N avy/N O A A effort involv ing flights of an instrumented aircraft in and around lightning active areas to measure various lightning data in greater detail than permitted by the data logger; and (4) an analytic effort funded by NASA, O N R investigating the waveform, peak voltage, current, and E&M field intensities present at VHF frequencies in the vicinity of lightning discharges.
Beyond these efforts are others coming on stream that will address the problem of hardening susceptible aircraft areas, components, and equip ments to the threat imposed by lightning.
The collection of lightning strike data will be continued indefinitely in order to further refine and develop the conclusions drawn and to be drawn from the data. The continuation of the data gather ing effort will also provide a needed control to ascertain w hether any deployed attem pts at light ning hardening have been successful. From time to time it is expected that the updated and augm ent ed data will be m ade available to the E M C commu nity. 
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